Results of the mass spectrometric examinations of the sulphide minerals and concentrations in the Pb-Zn deposit Toranica (Eastern Macedonia) by Serafimovski, Todor et al.

XXiV OKTOBARSKO SAYETOVANJE RUDARA I METALURGA - D.Milanovac. 1992. 
p F.)YnTAT~ oA MACCnE~TPoMETPHCKHTE ~CnHTY~A~A HA cYn~~AHHTE 
MHHEPAn~ ~ KOHUEHTPATHTE OA Pb - Zn HAOrAn~ruTE TOPAHHUA 
( HCTOQHA MAKEAOH~JA) 
RESULTS OF THE MASS SPECTROMETRIC EXAMI NATIONS OF THE 
SULPHIDE MINERALS AND CONCENTRATIONS IN THE Pb - Zn 
DEPOSI T TORAN! CA (EASTERN MACEDONI A) 
T . Cepa~HMOBCKH·. P. CTaHKOBCKH*·. M. ~eKCaHAPOB**· 
::. ~~~:~~K~ -~~;:~::~ !a~~n~::a~::n 
PYAHHK .. Caca .. M. KaMeHHl..\a 
Bo TPY~OT ce npHKa~aHH peaynTBTHTe OA HBjHoBHTe MaccneKTpo­
MeTpHcKH Hc nHTYBa~ Ha MOHoMHHepanHH np06H OA Haj 3acTaneHHTe cyn­
~HAHH MHHepanH Cr a neHHT , c~anepHT, nHpHT, xa nxo nHpHT) H KOH4eH­
TpaTHTe Ha onOBOTO H I..\HHKOT OA Pb-Zn HaotanHwTe TOPaHH~a. Co OSHe 
HcnHTysatt.a ce AoOHeHH 3 Ha'{aJ HI1 nOAaTOI..\H 3 a reOxeMHCKaTa aCO-U.Hj a­
I..\Hja Ha e neMeHTHTe BO OBa HaotanHWTe , Koe eo TOj no r neA e coc eMa 
c naGo npoy'{eHo H OC03HaeHO. 
A b s t.. r a k t.. 
The resu lts of t he latest mass spectrometric examinations of 
t he monominera l probes for the mos t c ommon sulphide minerals (ga­
lenite. sphaler i te, pyrite. chalc opyrite) and lead and z i nc 
c oncentrations from the Pb-Zn depo s it To ranica have been in this 
work. These examinations g ave signi f icant d ata for the geochemi ­
c a l associat ion of the elements in the deposit which , in this 
respect. has been poorly examined and investigated so far. 
Actually. the monomineral probes gave series o f 30 t o 40 elements 
while 54 eleme n ts ha v e been dete rm ined in t he concent r ations. 
Some of these ar e wi th contents of interest . while others bave 
s pecif ic geoc he mical characterist ics. and a good number o f them 
wit h their presence or abs en ce, in one or another mine ral. he l p 
to get the rig ht explanations ab out t he origin of indiv idual 
mineral k inds. and through them a b out the g enet i c cha r acte ri stics 
of t he deposi ts. In t his context. we should po in t out the 
presence of Cl a nd F in all examined mineral kinds, as well as 
the recording of elemen ts of r are ear t hs (La. Ce o Pr, Nd. Sm. Eu. 
Vb, Dy etc .) . Of t he typomorphic e lements we should point out the 
high con t en ts of Ag, Sb. Bi, 5e. Te (in ga lenites) and Cd, Cu. 
In , Hn (in sphalerites). 
Y B 0 ,JJ, 
OnoBHO-I..\HHKOBOTO HaotanHWTe TOpaHHl..\a e nOKanH3HpaHO BO ce­
eepHHTe AenO BH Ha PYAHHOT peOH Caca-TopaHH~a BO paMKHTe Ha Oco ­
r oeCKHOT nnaHHHCKH MaCHB . HCTpa~YBatt.aTa Ha oeoj PY~OHoceH 
nOKanl1TeT ce OTnO,{HaTH eo TeKOT H6 1974 rOAHHa H co H3BeCHH npe­
KHHH ce epweHH ce ~o 1988 r OAHHa Kora 3a npe naT PYAHHKOT TopaHH­
I..\a e nYWTeH eo npoGHa eKcnnoaTa~Hja. OCHoBHHTe CTPYKTYPHo-reonow­
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KH H MeTaJlOreHeTCKH KapaKTepHCTHKH Ha Ha otaJlI-IWTeTO ce 113HeCeHH BO 
p a15 0THTe Ha rawTeOBCKI-I (1984). Bo r oeBcKH H rawTeoBcKI1 (1990) , 
B oroeBcKH (19 90) 11 ,np., ,no,neKa o,n MI-IHe panOWKI-I H reoxeKliCKH acneKT 
HaotaJlHWTeTO TopaH~~a e ce YWTe He,nOBOJlHO HcnHTaHO H npoy~eHQ. 
Co HaJHoBHTe JlaOOpaTOpl-ICKI-I I1Cm1TYBalila, ~11I1 pe3YJlTaTI-I ce npe-
3eHTHpa~1 BO p aMKI-ITe Ha OBOj TPY,n , e HanpaaeH ~eKOp Hanpe,n ~o 
OCOSHaaalileTO Ha KBaJll1TaTI-IBHO -KBaHTHTaTI1BHI1Te O,nHOCH KBKO Hd 
OCHOBHI-ITe py,nHI-I MeTaJlH, TaK H H MI-IKpOeneMHTHTE: BO noe,nHHI-ITe 
CYJl<t>I1,nHH MI1HepaJlI-I 11 Pb-Zn KC"H~et{TpaTH o,n Haotanl1.llJTeTO TopaHI-I~a. 
PeSYllTaT I-ITe OA cnpOBe,neHI1Te MaccneKTpOMeTpHCKI1 I1cnHT yeBH.a Ha 
MOHOMI-IHepallHHTe npo15 1-1 o ,n ralleHI1TI-I, cq,alleI-lTI1, ITl-lpHTH, XaJlKOm1pHTI1 
H o,n 01l0eHO-~HHKOBHTe KOH~eHTpaTI-I OA Haotalll1WTeTO TopaHI-I~ ce 
npHKamaHH Ha TaoeJla-I. 
Bo l1C"nHTyeaHI1Te r aJIeHHTI1 (np06a-1, 6JloK-2 11 np06a-2, 6JloK-3) 
e YTep,neHa cepl1Ja o,n 3 8 eJleMeHTI1, OA KOH , HeKOI1 ce pe rl-lCTpHpaHH 
caMO KBaJlHTaTI1BHO (Mg, Sc, Cr " T1), e,neH ,nell HacTanyeaaT eo Tpa ­
roeH (V, Hi , Ga, Mo . Zr ) , ,no,neKa T l1nOHop<t>HI1Te eJleMeHTH (Ag. Sb , 
Bi, 5e, Te) ce co HH,nHKaTHeHH COApmI1HI1, o,n KOH noceOHo TpeOa ,na 
ce I1CTaKH~T co ,npmHHHTe Ha cpeOpOTO KOH ja HB,nMHHYBaBT rpaHH~aTa 
OA 1 x 1 0 %, KaKO H co,npmHHHTe Ha CelleHOT H Te llYPOT. Oe,ne n o­
ce 6MO T pel5a ,na ce nOTe Hl.\Hpa npl1CYCTeoTO H 3rO lleHeHWre COAPlt:HHH Ha 
CelleHOT (o ,n 250 AO 660 r'/'I') 11 Ha TeJlYPOT eOA 180,n0 1100 r'/'I') , 
I5HAejKH OBHe MHKpOeJleMeHTH He caMO WTO MomaT ,na I5H,naT eKOHOMCKH 
HHTepeCHl1, TYKY I-ICTI1Te YKamYBaaT Ha <t>aKTOT ,neKa PYAOHOCHI-ITe pac­
TeopH ce r'eHep l-lpaJ-Il-I Ha rOJleMI1 AJla60 ~I1HI1, WTO e MOWHe 3Ha4ajHo 3a 
npaellnHOTO TOJlKyealile Ha r'eHesaTa Ha OBa HaotaJU1WTe. 
3roneMeHHTe COApmHHI1 Ha OaKapoT H ~HHKOT AoataaT KaKO pe3YJI­
TaT Ha HHpMeKI-ITCKHT e cpacHyealila nOMe t y raJleHHTOT, c<t>aJlepHTOT H 
XaJlKOnl-lpHTOT H/Hnl-l MHKPOHCKHT& eKJlY~YBaHoa Ha c <t>anepl1T eo 
raneHHTOT. 
COAPIICHH"'Te Ha OCTaHaTI-ITe YTBPAeHH eJleMeHTH e o MOHOHI1HepaJlHI1 -
Te <t>paK~HH Ha r'alleH11THTe c e BOr'naBHO e o r paHH~HTe Ha HO pMallHOTO 
noj aeYBaHoe sa r'ane HHTH OA oeaKOB T Hn Ha Haotan~~Ta. 
Bo c<t>anepl-ITl1Te YT~PAeHHTe KeaJlI1TaTI1BHO -KeaHTI1TaTHBHH O,nHQCI1 
Ha e lleMeHTHTe ce C JlH~HH KaKO Kaj ra·JleHI-ITHTe, co Taa pa3J1I-1Ka WTO 
oeAe 3r'OJle MeH~ COApml-lHH nO KallCYBaaT eornaBHO THnoMop<t>HI-ITe elleMeHTl1 
(Cd, In, G~) H e lle MeHTI-ITe npl1MeCI-I (Fe, Cu, Mn '" AP. ). OSAe 
noceOHo Tpe Oa Aa ce HCTa KHaT eHCOKHTe COApmHHI1 Ha meneSOTO 
(4.61 % ), WTO YKallCyea Ha ¢aKTOT A eKa ce pe60TH s a c<t>allepl-ITH OA 
MapH.aTHTCKI-I Tl1n , c03Aa~aHH He He lllTO nO eHCO K I1 TeMene p aTypl1. OSI-Ie 
mene3eCTI-I c<t>ane pHTH, KaKO WTO HCTaKHysaaT HeaHoe H A P .(1960) H 
XpHCTOBa H ECKeHaSH (1981) c e I-IHAI1KaTOpl1 H KpHTepHYH 3a 3rO JleMeHH 
KOHlJ,eHTpalJ,HH He HHA I1YM. CoAPltll1HaTa Ha HHAHYMOT BO oel1e c<t>anepWl'H 
HSHecyea 50 r' /or 11 HCTaTa e nOBHCOKa OA ITpOCe~HaTa COApml1HB Ha 
HHAHYHOT eo c¢anepHTHTe OA OcOrO e CK I1Te Pb-Zn HaotallHWTa. 3 rOlleMe ­
HaTa COApmHHa Ha 6aKapo T BO 11cm1Tyealll1Te ceanepHTH Aoat a KaKO pe ­
3YlITaT Ha npl-ICYCTBOTO Ha XaJlKOmiPl1TCKHTe eMynsHH BO c~anepHTHTe. 
Bo XaJlKO n l-lpI-ITI'ITe, aHanOr'HO Ha r'alleHHTHTe 11 c¢anepl-ITHTe, e 
KOHCTaT HpaHO n pHCYCTBO Ha <t>Jlyop H X lIOP, WTO e 3Ha4ajHo sa TOJlKY­
salileTO Ha YC JlOBI-ITe Ha nOCTaHOKOT, a OA KapaKTep11cT11~ HHTe eneMeHTI1 
e YTBPAeHo npHcycTeo Ha Ag. As, 5b , I n H 0ACYCTBO Ha 5e H Te, WTO 
YKamyaa Ha ¢aK"I'OT AeKa ce p a OoTI1 3a XaJlKOnl-lpl-ITl-I OA nO KaCHHTe 
reHe palJ,1-I 11 , c OSAasaHH Ha HeWTO nOHHCKI1 TeMnepaTypl-I. 
Bo I-ICnl-lTysaHHTe 0I1PHTH , nOKpaj YTepAeHOTO npHCYCTBO Ha <t>JlYOP 
H XJlOP, KOHCTaTHpaHa e 11 eAHa AHcnponop~110HaJlHOCT BO reoxeMHCKaTa 
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TA5t:lIA - COAP_ HHA Ha MM KpoaneweHTMTe ao cyn~HAH"Te MKHepa nH H 
Pb-2n KOH4aHTpaTH OA HaotanHWT.T~ TOpaHK4& CaD X) 
TABLE - I 	 ConLenLs o f mioroele~Ls 1n Lhe sulphide ainerals 
1n Pb-2n concenLraL1ons f rom Tor.n.1ca depos1L 'J.n ~ 
1 2 3 4 5 0 7 
re 0. 115 0 .072 .... 61 32.00 > 2 .48 5.64 
B Tpar x_an. 0.0045 0.0003 0.00009 
F 0.0012 'I'par 0 .013 0. 016 0 .0059 0.001 
N.. 0.039 0.011 0.018 0 .061 0.025 0.021 
IoIg It.a ll . K8ii&n. KBAn . KBan. Itaan. Ksan. K!!Ian. 
Al 0.076 0.019 0. 0067 > > > > 
S1 > > 0. 016 > > > > 
P 0.019 0.0002 O.OOO? 0.0006 0.002 > 0. 028 
S > > > > > > > 
CI 0.011 0.015 0.016 0.003 0. 0018 0.002 0.006 
IC 0.068 0.019 0.0039 0.03 > 
c.. 0 . 069 0.007 0.0055 0 .028 0 .015 
Sc Kaa..n. ..an . 1Ul&J\. Kaan . ....an . K IiAn. K1!!Ia.n .. 
T! 0.008 0. 005 KBaJl. It B A.n. 0.078 0. 039 
V Tpar Tpar 0.0000'" 0.0002 0.003 0 .001 
C r Ka&ll . 	 K.an. 0 . 01 0.0068 0.02 
14n 0.020 0.022 > 0 .00"1 0.009 ) ) 
Co 0.000 "1 0. 00006 0.003 0.0002 0 . 001 0. 012 O. OOS 
141 Tpar TPar Tper Tpar 0. 02 Tpar 0.053 
Cu 0 .038 0 .018 0 .09 4 ) 0.013 > > 
2ft ) 0.031 > ) ) ) > 
Ga Tpar Tpar 0 .0007 0. 00011 0.0003 0.0008 0. 0009 
As 0.0008 0.0001 0 .0001 0 .019 ) 0.011 > 
S. 0.086 0.025 KaaJI. ".an. 1<1t&Jt. 0.012 KaaJ1. 
Itb Kaan . Tpar Tpar Ie.an. 0.001 ...an. kRan . 
S,. 0.0001 0.000"19 Tpar Ka.n. O.OO? 0 . 005 0.022 
Y 0.00001 Tpar K.an. 0.0006 0.0005 0.0004 
2r 0.00008 Tpar 0.0002 0.003 0 . 0033 
NI> 0.00001 0.0002 0 .0002 
No Tpar Tpar Tpar 0.002 0. 0029 
Ag > ) 0.00019 0.0015 O.OOO? 0 . 084 0.012 
Cd 0.012 0. 0"11 > 0.011 0 . 006 0 .02? > 
In 0.00016 0. 0002 0.005 0 .003 0.0001 0.001 0 .001 
Sr\ 0.000'12 0 .0003 0.0006 0 . 002 Tp&r 0.002 0.002 
Sb 0.056 0.0?5 0 .00016 0.0036 0 .002 0.032 0.002 
T. 0 . 11 0.018 0 .012 0.0006 
Cs "Ban. Tpar Tpar Tpar 0.0001 
a.. 0.038 KBiU1. 0.003 0 .0001 0.0002 0.003 0 .003 
La K.&n. 0.0002 0.0003 
C.. 0.00001 0 .0005 0 .0005 
Pr 
..A&n. 0.00009 0.0001 
Nd 
..a&n. 0 . 0003 0.0005 
Eu 0.00002 0.00001 
Sm ...an . 0.00008 
Gd 0.00003 fe Ban. 
Tb ka&.n. IC BaJ'l . 
Dy 0 .000009 KBaJJ. 
Ho Kaan. KaaD. 
E,. K ilian. It....n. 
Tm KBan . Kaan . 
Yb tea.n. Kaa n . 
Hf Kllarr . 
W 0.00005 0.0001 
Au Kean. 
Tl Itaan. KBan. 0. 0002 0. 00006 0 .001 0.00007 
P b ) > 0.029 > 0. 1 > )a1 > 0.035 0.000001 0.0009 0. 0001 0.0"1 0.002 
1- PbS - MOHOMHHepan. 2 . PbS - tcOHO l'4w..e pa n. . 3. Zns - MOHO MM He p an. 
1. CuFeS~ -	 "OHO " KHepan . 5. FeSz - MOHOWMH.p<iln. 6. Pb - KOHu.,aHTpaT.
7. 2n - KOH4eHTpaT. 
1. PbS - monamine,..l. 2 . PbS - a.:)nOlalne-ral.. 3. znS - monomine,. &! . 
4 . CuFes" -	 monami ne-r al. 6 . FeS3 - monoftd njl!'ar 1 • o. Pb - c oncenLraLlon . 
7 . 2n- conce.nt.r~t...l on. 
HeToAa: HaecnekTpoMeTpMcka 
63 
clCOU,11J u,l1ja Hd ~neMeHTI1Te . Io1MeHO, 0,0. eAH a C1'paHa llerl1cTpHpaiio e 
flpllCYCTBI'J ( lia MeCTa H co 31"O n e ME' HI1 C OAP>KHl-fH) Ha V. Cr, Ni. Co. 
Gu. C II ,o.p., a 0 .0. APyra C TP!i['i , YTB P Ae HH ce H3pa311To BHCOKH 
C()AP!KHHII lia As I npel<.y 1 x 10 %) H ,o.enY~Ho aHTHHOH. BaKIHITe 0,0.­
Ho e l l):l,(/ d T e epojaTlio Ka K O p eayJlT T Iia 4eCTI1Te H 11.3pa.3I1TI1 npo-
Me H I! lid 4/1131141<.0 -x.e MI1CKI1T e yc no B I1 IiCl X.11APOTe pHa n HI 1Te PYAOHOCHI1 
!'f>nYIIAI1 . I1CTO T aKa , so m~p/lTl1Te e P rHCTp HpaHO 11 npl~cycTSO Ha ene­
M~HTHTe 0 ,0. r p ynaT a Ha neC HI1T p e T K H 3e MjH (1i113 La - Nd). 
80 I1cnHTYBClH I'ITe K O Hu,e HTpa TH Ha ono BOTO 11 U,I1HKOT , r e He p anHO 
r neAaHO ce n OT epAyeaa T OA H OC I1Te Ha r eOK eMI1CKaT aco~I1Ja4l1j Ha 
e n€'HeHT lrre YTsp,D,eHI1 eo a n eHHT I1T e, ",D,tIO CHO c4lane p HTI1Te . OB Ae no­
C OHO Tpeo Aa ce 11c -raKHe YT SPAeHOTO npHC YC TSO ( sorndBIiO l'. e am1Ta­
THBHO ) H a ene HeHTl1Te 0 ,11. I'pyna-ra Hd pe TI(l.·rre seMjl'!", 0 11 04~lrJleAHO 
ce nosps HII 3a HeKOI-! APyrH HIolHepallHI1 spe T H, o HAejKI1 HH eHOTO npH­
CYCT SO eo ralleJ-tI1THTe H c¢ane pHTHT E: HeE: pef'HCTp l1p aHo . Co 3r~neMeHH 
c OAPIKJ-tHI1 c e n OJ BeysaaT npeTelKHo neMeHTI1Te KOH ce TI1nO Mop4lHI1 3a 
raneHHTHTe H c4la.nepHTIo\T e. 
3 a K ]I Y ~ 0 	 K 
0,0. A ocera J-t3HeceHOTO MOlKe Aa ce S a KJlYYH A eKa c o c n poaeAe HHTe 
HcnH T YSd.Hod. e Y Te p ,LIe HS C nO >K8Ha reOl<eM11CKa aco u,HJ au,Hja HS eneMeHTH­
T e eo Haor'anHIIITeTo T opaHJ14a . 0 ,0. KO II, HeKO'" c e co HHTepecH~1 eKO­
HO MCKH CO A P IKI1HH, HeKO H HMaaT c n elJ,1 ¢11YHI1 r eOl<e MI1C1< J-t oOene>KJa, a 
Ao C5ap A ell O,LI H "'B c o csoeT nplIC YC T SO n p HAoHecye aT a a aAeK aTHOTO 
TO~KYBaHoe Ha ycnosHTe H8 n OCTaHOKOT Ha 0PYAHysaHoeTo so liaor'anJ-tw ­
T eTO. Bo TOJ KOHTeKCT , n pHCYCTBOTO 11 arOlleMeliHTe COAPIKHHJ-t HS F 11 
C1 ( s o CliTe Hc.: n~ITyeaHJ-t npilHep041t yKalll y eaaT Ha ¢aRT OT Ae a Knop H­
,LIItTe I I 41nyoplo\,D,I1Te 3ae3eMai:1T 31iayaj HO MeCTO B O n peHecyeaHoeTo Ha 
P Y,LIHH"re KOMnO HellTI1 co Xl1APOTepHanHHTe PYAOHOCHI1 paCTSOpl1. 0 ,0. AP ­
yra cTpaHa n aK , np l1C Y C TeO T O Ha nf:Me HTI1Te 0,0. r pynaT a H a peTKI1Te 
3et~j H. !I.aKO II Ha ce n e t lO T 11 TellYP OT , YKalllYBaaT A eKa PYAOHOCHHTe 
paCT1l0pH nOTe KH YBaaT 0,11. roneHI1 Anaoo4 I-IHJ-t • OA nOKapaKTepHCTW-IHHTe 
e neMel-j'l'''' c o 3r'one MeHH COAP>K11HII c e noJaeyeaaT Ai, Sb, Bi. Se, Te 
e o raJleHHTl1T(;, 11 onOBHI1T e KOH4eHTpaT I1 H Cd , In, Cu. Hn 11 ,LIp . , BO 
c4lanepHTHTe H U,I1H KOBI1Te K OH4E:HTpaTIt . 
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